In this paper we intend to confine ourselves to the strictly surgical aspects of anomalies of the pulmonary veins in a series of 25 patients who were operated on in this clinic.
Anomalies of the pulmonary veins are very often associated with communications between the systemic and the pulmonary circulation, such as atrial septal defect, patent ductus arteriosus, or ventricular septal defect. An atrial septal defect existed in 23 of these 25 cases, and a ventricular septal defect in one; only one patient showed an intact atrial septum (partial anomaly of the pulmonary veins). In none of these cases was a patent ductus arteriosus found. In two, the anomaly of the pulmonary veins was associated with coarctation of the aorta.
The various lesions are classified in Table I . Fig. 1) , communicating on the one hand with a large left superior vena cava draining into the right brachiocephalic venous trunk and, on the other hand, connected by a very narrow duct with the coronary sinus. At intracardiac palpation, the foramen ovale admitted the index finger.
This anomaly was corrected by making an anastomosis of 3.5 cm. between the common trunk, FIG. 3.-According to the technique of Cooley and Ochsner the atrial septum is separated, exposing the posterior wall of the left atrium in which a transverse incision is made to expose, in a way, the anterior wall of the trunk which drains the pulmonary veins. The incision in this common trunk is shown.
collecting the four pulmonary veins, and the left atrium (Fig. 2) . Marked pulmonary stasis with 50%/0 desaturation of the peripheral arterial blood occurred during partial (3/4) obstruction of the left superior vena cava that was required to make the anastomosis. Once the anastomosis was open there was considerable dilatation of the left heart, but the pulmonary stasis disappeared. The left superior vena cava remained clamped for 20 minutes; when nothing happened, it was severed between two ligatures. Finally a ligature was placed on the narrow anastomosis connecting the common venous trunk with the coronary sinus.
In this case, the atrial septal defect was intentionally left open, although the operation was performed under hypothermia, so that it might act as a safety valve in case the left atrium should be incapable of coping with the additional blood flow.
Pulmonary stasis persisted throughout the first three post-operative weeks, after which the symptoms disappeared. The patient's present condition is excellent. The peripheral arterial saturation is clinically good, showing that such shunt as still exists has been reversed: it has become a left-right rather than a right-left shunt. Cardiac catheterization will soon be performed to determine whether or not the atrial septal defect must be closed. The left superior vena cava was then cut, and its stumps were sutured. Determination of pressure in the pulmonary veins and in the left atrium showed no gradient.
The perfusion lasted 30 minutes.
One feature in this case seems to be of great importance, viz., the greatly enlarged heart causing marked displacement of the two main bronchi in a superior direction; this explains some degree of bronchial compression, so that a tracheotomy had to be performed after the operation. Except for a small left-sided haemothorax with transient partial atelectasis of the left lung, the post-operative course was uneventful. At discharge from the clinic, the child was already in a condition considerably more favourable than before the operation. The cardiac volume had been reduced considerably.
PARTIAL TRANSPOSITION OF PULMONARY VEINS ANOMALOUS TERMINATION OF ALL RIGHT PUL-MONARY VEINS.-Seven such cases were submitted to operation. Three of these were instances of pseudo anomalies concomitant with an atrial septal defect without a right lateral margin. In these cases, the right pulmonary veins showed too anterior a site of termination to the right of the normal insertion of the septum in the atrial wall. 
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In such conditions it is sufficient to suture the median margin of the atrial septal defect on to the atrial wall in front of the site of termination of the veins; normal anatomy is thus restored. Of these three cases, two progressed favourably, although considerable bronchial impairment necessitated a tracheotomy in one of them. The third patient died. This was a case of associated cardiovascular lesions, as coarctation of the aorta also existed. Since the latter malformation was not corrected during the same operation, it caused paraplegia and renal insufficiency after the mammary arteries had been severed. This case was a failure due to an error in surgical technique. (This patient was the first to be operated on under hypothermia in 1955.) At present, the coarctation in cases of this type is corrected first. In three cases the right pulmonary veins were implanted into the right auricle. In one case there was a patent foramen ovale in the form of a simple transverse crevice. From this crevice an incision was made in the atrial septum, and the median margin of the atrial septal defect thus obtained was sutured fast in front of the termination of the veins. In another case, two atrial septal defects (one a wideopen foramen ovale) were united by an incision, and the median margin of the one large atrial septal defect thus obtained was sutured fast in front of the termination of the pulmonary veins (Figs. 5 and 6). In the third case there was a condition resembling that in Case 2 but different in that the associated atrial septal defect had no inferior margin. This atrial septal defect was enlarged upwards, after which its median margin was sutured on to the wall of the atrium in front of the anomalous termination of three pulmonary veins.
CASE 8.-In the seventh case there was a curious anomaly, viz., one large pulmonary vein drained the blood of the right lung and terminated in the inferior vena cava at about 2 cm. from the right atrium. On the other hand there was an atrial septal defect without a lateral margin (Fig. 7) . In this patient, the right pulmonary artery was dissected out and clamped during the stage of correction. The right pulmonary vein was severed from the inferior vena cava and anastomosed with the left atrium, opposite the atrial septal defect. The latter was slightly enlarged downward during the intracardiac stage, after which its median margin was sutured in front of the anastomosis (Fig. 8) atrial septal defect. In addition, the foramen ovale was patent (Fig. 9) . The atrial septal defect was enlarged upwards (arrow in Fig. 9 ) and the median margin of the orifice thus obtained was sutured fast in front of the termination of the right superior pulmonary vein. The foramen ovale was closed by means of a single stitch. The post-operative course was uneventful.
CASE II .-This 11-month-old girl showed marked induration of the right superior lobe when the thorax was opened. The right superior lobar vein terminated in the azygos, while the middle and inferior lobar veins normally terminated in the right atrium. The central atrial septal defect was closed under hypothermia by the technique currently used at the clinic. Since transplantation of the right superior lobar vein could hardly be expected to be effective in view of the unsatisfactory condition of the superior lobe, a lobectomy was performed. Oxygenation of the blood was unsatisfactory during this intervention. Cerebral anoxia was prolonged, and the patient died a few hours after the operation.
Partial Anomaly of Right Pulmonary Veins and Atrial Septal Defect and without Superior Margin.-Eight cases have been submitted to operation; all showed an anomaly of the pulmonary veins. In this series, we distinguish three types.
(a) The first is pseudo anomalies of veins. In these cases, the pulmonary veins do not, properly speaking, drain into the right atrium but exactly opposite the median margin of the atrial septal defect, i.e., at the site at which the septum is normally implanted. In such it is sufficient to suture the median margin of the atrial septal defect on to the atrial wall in front of the anomalous terminations. We saw three cases of this type. In one, it was necessary to resort to the technique introduced by Schaepkens van Riempst and Brom (extension of the superior vena cava) in order to close the atrial septal defect effectively while enabling the pulmonary venous blood to return to the left atrium in the normal way (Figs. 10, 11 minations; the normal anatomy is thus restored (Fig. 14) . Extension of the superior vena cava by the method previously described may prove to be necessary. CASE 19.-In this boy aged 14, a segmental vein of the right superior lobe drained into the superior vena cava, while the other two segmental veins of the same lobe formed a short common trunk draining into the right atrium. The middle lobe vein also drained into the right atrium, opposite the lower part of the atrial septal defect. After transplantation of the superior segmental vein into the common trunk of the two subjacent veins (see Fig. 13 ), the superior vena cava was extended. This was followed by auri- CASE 20. In a 35-year-old man, the veins of the upper and middle right lobes drained into the right atrium, slightly above the upper margin of an atrial septal defect without a right lateral margin. The superior vena cava defect was extended, after which the defect was enlarged downward so that its median margin could be sutured fast in front of the anomalous terminations. CASE 22.-The right inferior pulmonary vein in this case drained openly into the right atrium. The atrial septal defect was enlarged upward so that its median margin could be sutured in front of the inferior pulmonary vein.
Partial Anomaly of Right Pulmonary Veins and Ventricular Septal Defect.-An operation was performed in one case of this type. CASE 23.-In a 10-year-old girl, the vein of the right upper lobe drained into the superior vena cava, about 2.5 cm. from its termination in the right atrium. In addition there was a ventricular septal defect in the membranous septum and slight insufficiency of the tricuspid valve. In this case the defect was closed with the aid of extracorporeal circulation (perfusion lasted 14 minutes) by a simple suture. During the time required to perform this operation, ventricular fibrillation occurred (no provoked cardiac standstill). After closing the defect, a partial bypass was maintained for 10 minutes, and, once the myocardium was well oxygenated, defibrillation was effected by means of a single electrical shock.
The vein of the right upper lobe was reimplanted directly into the left atrium.
Absence of any shunt was demonstrated by determination of oxygen saturation in blood samples obtained from the superior vena cava, the right atrium, and the pulmonary artery. The post-operative course was uneventful.
Partial Anomaly of Right Pulmonary Veins without Septal Defect.-One case was observed. CASE 24.-In a 16-year-old youth, the apicodorsal, pectoral, and middle lobar veins drained into the right atrium. In addition, the patient suffered from coarctation of the aorta. The coarctation was resected through a left-sided thoracotomy, and aortic continuity was restored by end-to-end anastomosis. A transverse sternotomy was then used to turn the unilateral incision into a bilateral thoracotomy. The circulation was interrupted, and an atrial septal defect was created by incising the septum near its insertion in the atrial wall, after separating the superior vena cava from the apicodorsal and pectoral veins by means of a series of stitches according to the technique described by Bailey. The atrial septum was then re-inserted in front of the venous terminations. (Fig. 15) .
There was a large central atrial septal defect. An anastomosis of a diameter equal to that of the atrium was made between the left atrium and the left superior vena cava, facing the termination of the left 258, r, trillI 411 1-pulmonary veins. The vena cava was then resected, and its stumps were sutured (Fig. 16 ). This was followed by a right-sided auriculotomy and closure of the defect by the usual technique.
RESULTS
The following results were obtained in all surgical cases of transposition of pulmonary veins in this series.
Treatment was successful in both cases (one tracheotomy) of complete transposition.
In seven cases of partial transposition affecting all right pulmonary veins, treatment was successful in six. One death occurred, due to an error in surgical technique (coarctation was not controlled during the same stage of the operation). During the operation the heart stopped in one case, but the patient was successfully resuscitated, and in another ventricular fibrillation followed removal of the clamps. Defibrillation was successful. Post-operatively in one case respiratory disturbances (haemothorax, partial pulmonary atelectasis) were controlled by tracheotomy.
In 15 cases of partial transposition involving only part of the pulmonary veins, two patients died.
During operation complications were encountered in three cases, one of ventricular fibrillation after removal of the clamps, but defibrillation was effected without difficulty. One patient, an 11-month-old child, suffered cerebral anoxia during supplemental lobectomy and died. We had one case of coronary air embolism without ill effects.
Post-operative complications included one case of bilateral haemothorax with pulmonary and cardiac compression (fatal issue); one case of mild cardiac failure; one case of bronchial impairment treated by tracheotomy, after which progress was uneventful; one case of paroxysmal tachycardia, which disappeared after four days' treatment with digitalin; one case of pyrexia of obscure origin. One case of suspected thrombosis of an anastomosis following transplantation, and one of pulmonary stasis in the lung segment drained by the transplanted vessels, merit certain comments. Initially, pressure was not determined after transplantation or implantation of veins. (These two cases are included in this first series of patients.) At present, the pressures in the transplanted veins and in the left atrium are determined after each anastomosis of veins. This is done by means of a cannula introduced either into the left atrium if a bilateral thoracotomy was made or, through a short incision, into a pulmonary vein if the thoracotomy was confined to the right side. If there is a gradient in pressure, then the anastomosis must be remade or a lung resection done. Since we have made a routine of these checks, no case of post-operative pulmonary stasis has been seen in which the classical symptoms resemble those of pulmonary arterial infarction, viz., bloodtinged sputum and opacification of the parenchyma.
We have adopted the following rules to be observed in all cases requiring an anastomosis of veins:
(1) The anastomosis should be as wide as possible.
(2) Pressure determinations should be made after completion of the anastomosis by means of a cannula because determination of venous pressures is not sufficiently exact if made with a needle (insufficiently accurate detection of slight differences).
(3) Very exact supervision of the clinical condition (blood-tinged sputum) and the radiological aspects (parenchymal opacification) after operation is necessary.
One case of total anomaly of the left pulmonary veins was operated on, and during operation ventricular fibrillation due to coronary air embolism occurred but was successfully defibrillated. Late results were excellent.
CONCLUSIONS
Anomalies of the pulmonary veins, whether total or partial, are nearly always associated with septal malformations, viz., atrial or ventricular septal defects.
Complete transpositions are amenable to effective repair without exclusion of the heart. It is desirable to have a heart-lung apparatus ready and at hand in case the Cooley-Ochsner procedure should become necessary. In such we believe that it is advisable not to close the atrial septum completely until more information has been gathered: the persistence of a communication between the left and the right atrium permits of progressive haemodynamics adaptation while avoiding an excess of blood in the left heart. On the other hand, where the heart volume has caused deformity of the main bronchi, we consider it advisable to supplement the intervention by a subsequent tracheotomy to control such pulmonary complications as may result.
As regards partial transpositions affecting the veins of the right lung (all of them or only some of them), we Anomalies of the left pulmonary veins, when associated with atrial septal defect, are also amenable to correction under hypothermia.
We are indebted to Professor Brom for allowing us to study the patients treated in his clinic.
